We present an all-dielectric terahertz half-wave plate with an antireflection layer. The device is made of pure silicon, and can realize cross polarization conversion with almost 100% conversion rate and 90% of transmission at the operating frequency.
Introduction
Terahertz (THz) wave is the electromagnetic (EM) wave within the frequency band of 0.1-10 THz. THz technology has seen a rapid development in recent years, and has been applied widely in such diverse fields as communications [1] , imaging [2] , and spectroscopy [3] . Half-wave plates (HWPs) are a basic device for EM wave manipulation, and as such are also very important for THz technology, in which efficient devices of various kinds are needed. Nevertheless, the performances of the HWPs reported so far cannot satisfy this demand, and higher performance are desirable. Here, an all-dielectric terahertz HWP made of pure silicon is presented, simulation and experiment have been done, and the results demonstrate its high performance at the operating frequency.
Device Structure
The all-dielectric terahertz HWP designed here is made of pure silicon, and it comprises two working layers with subwavelength periodic structures. One works as the half-wave-plate layer (HWPL), and the other functions as the antireflection layer (ARL). The unit cells of the two layers are shown in Fig. 1 .
As shown in Fig. 1(a) , the HWPL is composed of an array of elliptical silicon pillars. The long axis is at an angle of 45º relative to the x axis. Birefringence is realized in the u and v axes due to the anisotropy of the elliptical pillars, similar to a traditional HWP, and the operating frequency is determined by the structure parameters. With the appropriate parameters, the x-polarized incidence along the z axis will be converted into y-polarized output at the specific frequency.
The ARL consists of an array of square pillars as shown in Fig. 1(b) . Motamedi et al. [4] have demonstrated the antireflection effect by such a structure. It can be used to improve transmission, and its operating frequency also depends on the corresponding structure parameters. 
Simulation and Experiment Results
Numerical simulations have been done with CST Microwave Studio. The structure parameters have been optimized to have P=2p=100 μm, H=300 μm, D=80 μm, d=35 μm, h=45 μm, and a=40 μm. The incidence is x-polarized THz wave along the z axis. As the results in Fig. 2 (a) show, the HWP designed can realize a conversion of cross polarization for x-polarized incidence. The transmission txy for cross polarization can reach 90% at 1 THz, and meanwhile the polarization conversion rate (PCR) can reach almost 100%. Based on the simulation, a sample was fabricated, and the actual structure parameters were measured to be: P=104.9 μm, p=52.4 μm, H=285.6 μm, D=92.8 μm, d=42.1 μm, h=65.9 μm, and a=41.6 μm. The corresponding results from measurement are shown in Fig. 2 (b) , where we can see that the sample could realize the expected polarization conversion at 1.07 THz with a transmission txy of 80% and PCR of almost 100%. The discrepancies from design are attributed to the deviation in the sample parameters, where the antireflection effect is more susceptible to structural variation. 
Conclusion
We present an all-dielectric terahertz HWP with an ARL. It is made of pure silicon, both simulation and experiment results show that it can achieve a high performance conversion for cross polarization at the designed operating frequency.
